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SPAIN. 

MarejacliUn. 
+ I Marejada. 

4 Gruesa. 
Marejada gruesa. 

Muy gruestl. I Muy arbolada. 
e Arbolada. 

D. CLOUD STMBOLS. 

Ley, W. Clement. Cloudlnncl. London. 

Formerly used by Iowa Weather Scrvice. (Adopted 
1576.) 

L Cirro-stratus. 
6 Cirro-cumiilus. 
n Cuniulus. 
fl  Pitllio-cirrus. 
rn Pnllio-c.uniiilus. 
r Frwto-cumulus. 
= Polar bnnils. dmwn as p1:wecl ar.ross t,he sky with -c 

intlicnt,iiig inot,ion ; t,lius 1- hnnds NW-SI3 moving 
toward the enst,. 

f C' IITUS. 

E. LITERAL SYMBOLS. 

In ndrlition bo nr1)itrary synibols, nunic~rous literal syni- 
hols-usunlly tlic initinl lcttcr or letters of meteorological 
ternis in various IiingutLges-have been used in meteoro- '"'. p' "-"' 

8cimtijic nume. E?zgIish namc. 

Nebula. Fog. 
Nebula pulveren. Dust. fog. 
Nebula stillans. nret fog. 
Nubes infoimis. Soud . 
Stratus quietus. Quirt. cloud. 
Stratus lenticularis. Le.nt,ioulnr cloucl. 
Stra bus niaculosus. Mnckrrcl rloud. 
Stratus cnstellntus. Turrct, cloud. 
Stratus precipitans. P1:i.i~ sliowcr . 
Cumulo-riidinient,i i in. 
cumulus. Hc;,.p l~.loud. 
Cumulo-st rn t.u s . 
Cumdo-nimbus. Show& cloud. 
pu'imbus. Rninfnll cloud. 
Cuniulo-st,mtus mnmmntus. Tubercled anvil cloud. 
Cumulo-nimbus grandineus. Hail shower. 
Cuniulo-nimbus nivosus. Snow shower. 
Curnulo-nimbus mnmmntus. Fest,oonril sl iiwcr cliw(1. 
Nimbus grq ' 11c 1' 111cus. 
Nimbus nivosus. Snow-fnll. 
Nubes fulgens. Imniiious cloud. 
Cirrus. Curl r.lout1. 
Cirro-filum. Gossaiiicr cloud. 
Cirro-velum. Veil c*loutl. 

Cirro-velum mammatum. I)mped vcil cloud. 

R u diiiicnt, . 

Aiiril cloucl. 

Rail-fnll. 

Cirro-maculn. S1)c"klr (hllll. 

logical registers and on weather nmps. Only B few of 
t,liese are inclutletl in the foregoing lists. The rest lie 
beyond the scope of tlic present compilntion. 

ON THE COEFFICIENT OF CORRELATION AS A MEASTJRE OF 
RELATIONSHIP. 

[Dated: Unirrrsit.p of rincinnatl, Deportment or Mntlicmnlles, Apr. 17,1916.] 

In rccmt ycxrs sevcrd applications of the theory of 
corrclntion hnvc bcon niacle iu conuection with mcteor- 
ologicnl iil.\.cutigations.l Oniiscqucn tly u brief discussion 
of tlin sigiifiv:mct? o€ a corrchtio1i coc4fic+.mt and its ro- 
liihility tis a niimurc of relationship n ~ y  be of interest 
to renilws of the MONTHLY WExrmm REVIEW. The 
theorcticd discussion in the present p:tper is in substance 
the miie ~ 1 s  that given by the writer in a recent %per in 

in meteorology is given here for the first time. 
The tlioory of coidntion de;& with the relationship 

I)ctwi+cn two v;irinble quaiititins wliosc variations are due 
in lmrt or ciltirely to comiiion ciuisos. A certain qutili- 
tity, .r, lmnwn as :L ci-dIicitmt of corrclntion, is computed, 
aiicl from its value inforencos :%re clrakwn as to the extent 
to wliidi tha viwintioiis cvf t,lin two cluaiiti tios me affected 
in thc? snine way by tlic sanic causes, or us to the estent 
to which t h :  vnriatioii of oiic q1121~11 tity dl'ects tlititn of the 
Otlll?r. 

TIic foriiiuk for I' in terms of I ) ,  pairs of obscl~ed \dues  
of two variables 2 nncl y, is 

Scievce.' The benring of that discussion on app F ications 

i=n 
(ri-SPo) (Yi-Y") 

(1) 
Howwd, Luke. On the modifications of cloucls. Tmi- 

. . . . . . . don. 1S03. p. 14. (Helliminn's "Neudriiclw," No. 3 ,  i=n i.=n --' 
Berlin, lS9-L) i= 1 i= 1 

\ Cirrus. 
0 C U I ~ ~ U ~ U S .  

1%-liwo .ro is tho moan of tho x vduas niici yo the mem of 
t h  !I ~ i t l u a s . ~  The value of I' obtninetl from this formula 

- Stratus. 
\o Cirro-cumulus. 
\- Cirro-s t ra tus . 
o- curnu lo-stmt us. 

1 8re J .  lvarrcn Sinirh in M~NTIILY WEATIIER REVIEW, February, 1914,42:7S; and 

A .  Rrrsrc rasky. in Meteorologisclie Zeituchrifl, l3raunsch\vrlg December 1914.31 : 546, 
I,. Stcimr,  in Meteorologisclle Zeitscluift, Broimsrllweig, Seikember, 19i5,32: 419. 
2 Mourr, C'has. N. On the coellicient of correlation as a measure oi relationship. 

Science, New York, October 22. 1915 (NS), 42:575-579. 
3 For so account of the process of computi r from a table of ohserved vslues of two 

variahlcs see the paper by J .  Illmcn S r n i t h ~ o m a ~ ~  WEATI~ER REVIEW, F o b m y ,  

ihial., 1815,43:2?3. 

\o- Cirro-cuniulo-stratus, or Ximbus. 1914.42:79-.!.!. 
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wil l  never be less than - 1 nor greater than + 1, and in 
eneral will have a value lying between these two values. 

fn  case the variations of the two quantities depend en- 
tire1 on common causes in such a way that one variable 
can ;g e expressed in terms of the other by means of an 
equation, r may take on one of the extreme values + 1  
or - 1. It will take on one of these values if one variable 
can be expressed linearly in terms of the other; i. e., if 

y = m + b ,  

where a and b are constants. In  this case it will be + 1 
if a>O and - 1  if a<O; in all other cases it will have a 
value lying between these two values. In  case the two 
variables are entirely inde endent of each other in the 

be zero or ver near to zero if the number of observed 

of chance. If the value of r ies between 0 and -1 or 
between 0 and + 1, i t  may be due to the fact that there is 
a relation between the two variables that is not linear, or 
to the fact that the variations of the two quantities are 
not due to common causes in such a way that one can be 
ex ressed in terms of the other alone. 

!n general the variable quantities under discussion will 
have their variations subject to a great variety of causes. 
Let us assume, then, that 

sense that their variations R ave no common causes, r will 

values of 2 an B is large enou h to eliminate the effects f: 

x=fi (€1) €2 -..) ern),  
~ = f 2  (€11 €2 - - m i  ern), 

where el, e,, ..., em are m independent variables, a n d 5  and 
fa are two different espressions in ternis of those variables. 
If we are to be able to give any sort of definite interpreta- 
tion to the value of r, i t  is necessary to assume further 
that thef’s are, to a good degree of approximation, linear 
expressions in the E’S, i. e., that the equations 

(2) 

where tho a’s are constimts, are a proximately true. If 

value by a w with the corresponding subscript, we obtain 
readily from the last equations 

(3) 
L! - a!o = al,vl + a,,?’, -I- . . . + a,,vm, 

where z,, and yo are the mean values of 2 and y ,  re- 
spectively. It is evident that the mean value of each v 
is zero, since each represents the deviation of the corres- 
ponding e from its mean value. 

. (vi@,v/n)) 
are n airs of observed values of vr and v . Since the e’s 

(4) 2 up) ~ ( r )  I 0. 

For in that case there will be associated with each par- 
ticular value of q a series of values of w whose mean is 
zero. Hence, if we collect terms invohin the same 

therefore the whole summation in (4) will reduce to zero. 
For values of n small enough to make the com utation 
of r practicable, equation (4) will in generalse only 
ap roximately true. The larger n is, the better in gen- 
er the approximation will be. 

z = 
‘IJ = a31e1 + aa2e2 + 

4- Ul+a + *.. + aimem, 
+ % m C ,  

now we represent the deviation o !! each e from its mean 

- yo U21V1+ U Z Z V ~  + .. . + UamVm, 

Suppose now that (vr’, q’), (vr”, v.”), . 

I-ll 

arein B ependent variables, we shall have i! n is very large, 

J t-I 

values of v$ the sum of each set of terms will % e zero, and 

47061-1- 

3 

We will now substitute the values of z-q and y-y,, 
given by ( 3 )  in (1) and take account of (4) in making the 
substitution. We obtain 

where we have set 

(i=l, 2, . . . m). 

The 8’s thus defined are known as the stmndard dezuiat,ion.s 
of the corresponding e’s. The formula (5) for r is well 
adapted to the discussion of the connection between the 
value of T and the degree of relationship between 5 and y .  

To illustrate the way in which we can interpret the 
ificance of r by means of equation (5) we will con- 

si sir er a particular example. Suppose the two variables 
z and y represent the wind velocities measured a t  the 
same instant in two different localities.’ If the localities 
are not too f w  apart it is reasonable to suppose that the 
two velocities will depend in part on the same causes. 
Such a state of affairs will be represented mathematic- 
ally by the equations in (2) if we suppose that the a’s in 
the first equation corresponding to  a certain set of the 
E’S are zero, and the a’s in the second equation corre- 
sponding to a different set of e’s are zero. 

We will suppose then that the first p of the a’s in the 
first equation are zero and the last q of those in the 
second equation are zero, i. e., that 

al1=a1,= . . . =alp=.O, 
(7) 

a,,,-9+1=a2,m-9ta= . . . =a,,=O. 

In  order to begin with a fair1 siniple esample we will 
sup ose further that we are Laling with L case where 

quantity a, i. e., where 
eat f of the other a’s involved is equal to n single positive 

==a)ll-a,,= . . . us.?, ,,=a>O. 

It is readily seen that the 8’s defined by equation (6) de- 
pend upon the scales used in the measurement of the 
different E’S. Therefore there will be no loss of generality 
in supposing that these scales are so chosen that each of 
the s s is equal to a single quantity s, i. e., thnt 

S1=8,=8,= . . . sm=s.  (9) 

If we substitute the values given by (71, (8), and (9) in 
(51, we obtain 

Cna - p - q)aV - m - p - q  
(10) 

We shall now make use of (10) to indicate one way in 
which the value of T throws light upon the relationship 

t=  - 
d(m - p ) a ~ ( m  - q)aZs2 d ( m  - p )  (m - q )  ’ 

4 The emlation between twosuch variables Ls considered in the paper by Bresnewaky 
referred to above. 
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between a variation in z and a correspondin variation in 

1. e., all the e s  for which the corresponding u’s on the 
right-hand side of the h t  equation in (1) are not zero, 
are increased b a certain quantity d ,  whereas all the 
other e’s, i. e.! d t h e  e’s on whch y depends but z does not 
de end remam constant. If we represent by 5’ the new 
v 2 ue of x, and by y‘ the new value of y after the increase 
in the e’s, then when we take account of equations (7), 
(s), and (2) we have readily 

y. Let us suypose that all the e’s on whic % z depends, 

y’-y= ( m - p -  )a.d, 
2‘--2 = (m-p)u i . 

Since the units in terms of which z and y are measured 
are in general arbitrary, it is apparent that we need to 
introduce sonie standard unit for each of them before we 
can attach any definite si dicance to a comparison of 
their changes in value. #he natural way to choose R 
unit for ths purpose is to relate its size in some definite 
way to the range of variability of the variable quantity 
concerned. Ths can be done b choosing as a unit the 
stundurd deviation of each variab r e. The standard devia- 
tions of the e’s, as stated above, are given by equation (6). 
The standard deviation of any other variable is defined 
in an analogous manner. Hence in view of equations 
(3), (4), (6), (7), (8) ,  and (9), we have for the standard 
deviations of x and y 

R may be said to be a good measure of the closeness of 
relationship between the two variables since it measures 
the extent to which a typid change in one variable 
causes a corresponding change in the other variable. If 
now we set 

we obtain from (11) and (12) 

Hence in this particular case r=R,  and r may therefore 
be said to be a good measure of the degree of relationship 
between z and y. 

It is easy to see, however, that cases niay arise in 
which r and R differ considerably in value. Su pose, 

following conditions : 
for example, that the u’s of equation (3) satis P y the 

u 11 = U  12 = * . * ~c,p=U*,m+,= * 

% l = ~ a p =  . * . (IZp=Ul,m-p+l= * * . u , ~ = I O U ,  
U * ~ = O ,  

= . - - * - ( i = l ,  2,), 
(m = 102p) 

Then we fhd  by substituting in formulae (5) and (13) 
that 

T = 0.5, R= 0.9. 

Under still other su positions the discrepancy between 
the values of r and ma be still greater. aence it is 
a parent that r may not asways be a good measure of the 
c P osenms of relationship between two variable quantities. 

The chief conclusion to be drawn from the foregoin 
discussion is to a considerable extent a negative one. fi 
is shown that it is possible to state conditions under 
which the coefficient of correlation as calculated from 
e uation (1) will furnish a reliable measure of the degree 

is also shown that in cases where these conditions are not 
approximate1 fulfilled, the coefficient of c.orrelation will 

As there seems to be 110 way of determining in any par- 
ticular case whether or not the conditions we have stated 
are satisfied, it is apparent that considerable cltution 
should be observed in drawing definite inferences from 
the value of a coefficient of correlation. 

o g. relationship between two variable quantities. But it 

not iiecessari r y be a good measure of this relationship. 

RAINFALL IN CHINA, lwH)-1811.’ 

By CO-CHINQ CIIU, A. M. 

[Dated: Cambridge, Mas., Mar. 21, 1916.1 

INTRODUCTION. 

As the fluctuation in rainfall from year to year is great, 
it is always a difficult matter to discuss the subject and 
draw isohyets with accuracy and intelligence unless we 
have a long series of reliable observations well dis- 
tributed over the region under cliscussion. 

China has been backward on all subjects meteorological. 
The data on rainfall in China are mostly spasmodic, mtc- 
curate, and limited to recent years only. The data on 
rainfall in this article are baaed on Rev. Louis Froc’s 
work “La Pluie en Chine, duraiit uiie eriod de onze 
ann6es, 1900-191 1 ,” published by the &tholic Mission 
of Zi-ka-wei, Shanohai, China. These are, no doubt, 
the most recent an8 a t  the same time the most reliable 
data on the rainfall in C l ~ i a .  In  all, there are 88 s t s  
tions, divided into four classes accordin to the length of 
the record of rainfall. I n  the fiht c f ass, which com- 
prises 34 stations, all escept 4 have datu estending 
through the period of 11 years. The records of the 
remaining stations are incomplete, varying in length 
from ei lit to two or three years. The stations are not 

the const and the valley of the Yangtze River; in the 
northwest they are entirely wanting. The area of China 
proper, according to Mill’s International Geography, is 
a prosimately 1,300,000 square miles. Assumins that a i  the data of the 88 stations were available an that 
they were uniformly distributed, there still would be 
on1 one station to every 1,500 square miles. A is evident that a rainfall map based upon these data 
can on1 be tentative. If the stations were more nunier- 

over a longer period, the map would be probably quite 
different from what it is. 

very we K 1 distributed, but are concentrated mostly along 

ous an d better distributed, and if the records extended 

RAINFALL CONTROLS. 

In  the main, there are three factors which control the 
amount and seasonal distribution of precipitation in 
China, (1) the monsoon, (2) the topography, and (3) the 
cyclonic distribution. 

(1) Mon.soon.-The monsoon is [t seasonal wind 
which is best developed in Asia, owing to the vastness of 

1 A Study d d  aS patt Of the rB uirements f a  the degree Of A. M. Ut H ~ a r d  Unl- 
versit in 1015- prepared under the Birection of Prof. A. 0. McAdie and R. De C. Ward. 

9 WLther thk summer southeast w M  in China should be called rcmcmsoon’a or “trade 
wind’‘ fs controversial sccord 
by him, MONTEY WEATILEB%~IEW, January, 1915, 4324. 

to hfr. B. C. Wallis. See the extract from a paper 


